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(57) ABSTRACT

A laser teedback control system includes a laser operable to
emit a laser beam. The control system further includes a
prism mirror which includes a first reflective surface. The
first reflective surface 1s oriented to reflect the laser beam at
a first angle to a first direction of travel of the laser beam.
The control system further includes a sampling mairror, the
sampling mirror partially reflective and oriented such that
the laser beam reflected at the first angle by the first
reflective surface encounters the sampling mirror at a polar-
ization insensitive angle of incidence. The control system
turther includes a detector positioned to detect a portion of
the laser beam transmitted through the sampling mirror.
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1
LASER FEEDBACK CONTROL SYSTEMS

PRIORITY STATEMENT

This application 1s a National Stage Application of PCT/
US2016/042902, filed on Jul. 19, 2016, which 1s based upon

and claims the benefit of prionty from U.S. Provisional
Patent Application No. 62/194,346, filed Jul. 20, 2013, the

disclosures of all of which are incorporated by reference
herein 1n their entireties.

FIELD OF THE INVENTION

The present disclosure relates generally to improved
teedback control systems for lasers, such as CO, lasers.

BACKGROUND OF THE INVENTION

Feedback control systems are generally utilized to stabi-
lize the net output power level of associated lasers. Pulse
width modulation control 1s generally utilized to control the
duty cycle of the laser mn order to obtain the desired net
output power level.

Traditional CO, laser feedback control systems uses par-
tial reflectors mounted at 45 degrees with respect to the
beam path. This beam sampling technique 1s polarization
sensitive. Therefore, in most cases, a special optical coating
1s applied to overcome this sensitivity. Such optical coating
narrows down the retlection bandwidth, making the reflector
wavelength dependent. In practical cases, most standard
grade, low cost, radio frequency (“RF”) driven CO, lasers
have their wavelength and polarization states randomly
change. Accordingly, polarization and wavelength sensitive
teedback control systems may generate inaccuracies, result-
ing in undesirable power fluctuations. Further, and as a
result, 1t 1s often recommended to warm up these lasers prior
to using them, such as for up to 30 minutes each time the
laser 1s turned on, which makes them unsuitable for appli-
cations requiring low lasing time.

Another limitation of known feedback control systems 1s
the presence of a second parasitic reflection happening on
the second surface of the beam sampler. The two reflections
can 1nterfere at the detector causing an additional 1instability
tactor. To remedy this 1ssue, it 1s often proposed to itroduce
an angle between the two retlective surfaces, which changes
the direction of both reflected and transmitted beams.

Accordingly, improved laser feedback control systems are
desired. In particular, laser feedback control systems which
provide improved power stabilization control and are polar-
1zation insensitive would be advantageous.

BRIEF DESCRIPTION OF THE INVENTION

Aspects and advantages of the invention will be set forth
in part 1n the following description, or may be obvious from
the description, or may be learned through practice of the
invention.

In accordance with one embodiment of the present dis-
closure, a laser feedback control system 1s provided. The
control system includes a laser operable to emit a laser
beam. The control system further includes a prism mirror
which includes a first reflective surface. The first retlective
surface 1s oriented to reflect the laser beam at a first angle to
a first direction of travel of the laser beam. The control
system further includes a sampling mirror, the sampling
mirror partially reflective and oriented such that the laser
beam reflected at the first angle by the first reflective surface
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encounters the sampling mirror at a polarization 1nsensitive
angle of incidence. The control system further includes a
detector positioned to detect a portion of the laser beam

transmitted through the sampling mirror.

In accordance with another embodiment of the present
disclosure, a laser feedback control system 1s provided. The
control system includes a laser operable to emit a laser
beam. The control system further includes a prism mirror
which includes a first reflective surface and an opposing
second reflective surface. The first reflective surface 1s
oriented to reflect the laser beam at a first angle to a first
direction of travel of the laser beam. The control system
further includes a sampling mirror, the sampling mirror
partially retlective and oriented such that the laser beam
reflected at the first angle by the first reflective surface
encounters the sampling mirror at a polarization insensitive
angle of incidence. The control system further includes a
detector positioned to detect a portion of the laser beam
transmitted through the sampling mirror. The second reflec-
tive surface 1s oriented to retlect a portion of the laser beam
reflected by the sampling mirror to the first direction.

These and other features, aspects and advantages of the
present imnvention will become better understood with refer-
ence to the following description and appended claims. The
accompanying drawings, which are incorporated in and
constitute a part of this specification, i1llustrate embodiments
of the invention and, together with the description, serve to
explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present invention,
including the best mode thereot, directed to one of ordinary
skill 1n the art, 1s set forth 1n the specification, which makes
reference to the appended figures, 1n which:

FIG. 1 provides a schematic diagram 1llustrating compo-
nents of a laser feedback control system 1n accordance with
embodiments of the present disclosure;

FIG. 2 provides a block diagram illustrating operation of
a laser feedback control system 1n accordance with embodi-
ments of the present disclosure; and

FIG. 3 provides a graph of reflectively versus angle of
incidence for s- and p-polarizations in accordance with
embodiments of the present disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Retference now will be made in detail to embodiments of
the invention, one or more examples of which are 1llustrated
in the drawings. Each example 1s provided by way of
explanation of the mnvention, not limitation of the invention.
In fact, 1t will be apparent to those skilled 1n the art that
vartous modifications and variations can be made in the
present invention without departing from the scope or spirit
of the invention. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to vield a still further embodiment.
Thus, 1t 1s intended that the present invention covers such
modifications and variations as come within the scope of the
appended claims and their equivalents.

Referring now to FIGS. 1-3, the present disclosure 1s
directed to improved laser feedback control systems 10.
Control systems 10 1n accordance with the present disclo-
sure generally provide improved power stabilization control,
in particular by being polarization and wavelength 1nsensi-
tive. Additionally, control systems 10 in accordance with the
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present disclosure eliminate any significant “ghost beam”™
and resulting interference 1ssues. Further, control systems 10
in accordance with the present disclosure can advanta-
geously provide the output beam after sampling in the same
direction as the mput beam from the laser. Advantageously,
test results utilizing laser feedback control systems 10 in
accordance with the present disclosure have resulted 1n less
than 1% power level tluctuations.

Laser feedback control system 10 may, for example,
include a laser 12. In exemplary embodiments, the laser 12
may be a CO, laser, although alternatively other suitable
lasers may be utilized. Laser 12 may be operable to emit a
laser beam 14. The laser beam 14 may, after being emitted
from the laser 12, encounter a prism mirror 20. As shown,
the laser beam 14 may travel 1n a first direction 15 before
encountering and contacting a surface of the prism mirror
20. The first direction 15 may be the direction 1n which the
laser beam 14 was emitted from the laser 12, or another
suitable direction after encountering various intervening
components such as mirrors, etc.

The prism mirror 20 may 1nclude a first reflective surface
22, and may further include an opposing second reflective
surface 24. In exemplary embodiments, the first retlective
surface 22 and the second reflective surface 24 are formed
from the same material. The prism mirror 20 as a whole may,
for example, be formed from such matenal. In exemplary
embodiments, the material forming the first reflective sur-
face may be a 100% retlective material, such that the first
reflective surface 22 1s 100% reflective. Further, 1n exem-
plary embodiments, the material forming the second reflec-
tive surface may be a 100% retlective material, such that the
second reflective surface 24 1s 100% reflective. For example,
the first reflective surface 22 and/or second reflective surface
24 (and/or prism mirror 20 generally) may be formed from
a suitable metal such as copper, or alternatively a silicone or
other suitable matenial.

In exemplary embodiments as discussed herein, the
opposing second reflective surface 24 1s oriented at a mirror-
image angle to the first reflective surface 22 (relative to a
central axis between the surfaces 22, 24). Such mirror-image
orientation 1n exemplary embodiments facilitates reflection
of the laser beam from the opposing second reflective
surface 24 back to the first direction, as discussed herein.

The first reflective surface 22 may be oriented to retlect
the laser beam 14 from the first direction 15 at a first angle
23 to the first direction 15. Accordingly, after encountering
the first retlective surface 22, the laser beam 14 may travel
from the first reflective surface 22 in the direction at the first
angle 23 to the first direction 15.

Control system 10 may further include a sampling mirror
30. After being reflected by the first reflective surface 22, the
laser beam 14 may encounter the sampling mirror 30, such
as surface thereof. The sampling mirror 30 may be formed
from a partially reflective material, and thus be partially
reflective such that a portion of the laser beam 14 travelling
from the first reflective surface 22 1s transmitted through the
sampling mirror 30 and a portion of the laser beam 14
travelling from the first reflective surface 22 1s reflected by
the sampling mirror 30. For example, 1n exemplary embodi-
ments, the sampling mirror 30 may be formed from zinc
selenide. Alternatively, other suitable materials from which
the sampling mirror 30 may be formed include zinc sulfide,
germanium, and gallium arsenide.

In exemplary embodiments, the sampling mirror 30 1s less
than or equal to 1% transmissive, such as less than or equal
to 0.7% transmissive, such as less than or equal to 0.5%
transmissive, at a particular laser beam wavelength being
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utilized and monitored. In exemplary embodiments, the
particular laser beam wavelength 1s between 10 and 11
micrometers, such as between 10.3 and 10.8 micrometers,
such as 10.6 micrometers. A sampling mirror 30 having a
particular transmissivity allows the specified percentage of
laser beam to be transmitted therethrough, and reflects the
remainder of the laser beam, as 1s generally understood.

The sampling mirror 30 may be oriented such that the
laser beam reflected at the first angle 23 encounters the
sampling mirror 30 at a polarnization insensitive angle of
incidence 32. A polarization insensitive angle of incidence 1s
an angle of incidence at which the reflectivity percentage 1s
the same for both s- and p-polarizations, as illustrated in
FIG. 3. It should be noted that polarization msensitive angles
of mcidence are material and wavelength dependent, but
achievable using any materials and wavelengths. In exem-
plary embodiments, the polarization isensitive angle of
incidence 32 1in accordance with the present disclosure may
be less than or equal to 6 degrees, such as less than or equal
to 5 degrees.

A portion 34 of the laser beam 14 may, upon encountering
and thus contacting a surface of the sampling mirror 30, be
transmitted through the sampling mirror 30. This portion 34
may, upon being emitted from the sampling mirror 30, be
transmitted from the sampling mirror 30 to a detector (also
known as a beam sampler) 40. The detector 40, 1.e. an
inirared detector 40, may be positioned to detect this portion
34 that 1s transmitted through the sampling mirror 30.

Advantageously, the portion 34 of the laser beam 14 can
be utilized to monitor the power lever of the laser 12 and
facilitate adjustments as required to maintain a net output
power level with minimal fluctuations. For example, 1n some
embodiments, the control system 10 may further include a
controller 50. The controller 50 may be 1n communication
with the detector 40 and the laser 12, and may be configured
to adjust operation of the laser 12 based on the mput signals
from the detector 40. The 1nput signals may be based on the
portion 34 of the laser beam 14 received by the detector 40.
In exemplary embodiments, the controller 50 may for
example adjust a pulse width modulation signal based on the
detected portion 34 and transmit the adjusted pulse width
modulation signal to the laser 12.

The controller 50 may include a memory and micropro-
cessor, such as a general or special purpose microprocessor
operable to execute programming instructions or micro-
control code associated with processing of signals from the
detector 40. The memory may represent random access
memory such as DRAM, or read only memory such as ROM
or FLASH. In one embodiment, the processor executes
programming instructions stored in memory. The memory
may be a separate component from the processor or may be
included onboard within the processor.

As 1llustrated, operation of the control system 10 1is
generally as a closed-loop feedback system. Accordingly,
aiter adjustment of the laser 12, adjusted laser beams 14 are
emitted, and portions 34 thereot are detected by detector 40
for further monitoring and adjustment 1n a closed-loop
mannet.

As discussed, in exemplary embodiments the prism mir-
ror 20 1ncludes an opposing second reflective surface 24. A
portion 30 of the laser beam 14 that encounters the sampling
mirror 30 may be reflected by the sampling mirror 30, as
discussed above. In exemplary embodiments, the second
reflective surface 24 may be positioned such that the portion
36 after being reflected by the sampling mirror 30 encoun-
ters the second retlective surface 24. The second reflective
surface 24 may thus be oriented to retlect that portion 36 of
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the laser beam 14 reflected by the sampling mirror 30. In
exemplary embodiments, the portion 36 is reflected by the
second reflective surface 24 to the first direction 15. Accord-
ingly, in these embodiments, a substantial portion of the
laser beam 14 can continue along the first direction 135
following transmission through the control system 10.

Notably, the various surface discussed herein, such as the
first reflective surface 22, second reflective surface 24, and
the surface of the sampling mirror 30 which laser beam 14
encounters, are generally polished, planer surfaces. Accord-
ingly, suitable reflection and transmission as discussed
herein are facilitated.

This written description uses examples to disclose the
invention, mcluding the best mode, and also to enable any
person skilled 1n the art to practice the invention, including
making and using any devices or systems and performing
any 1ncorporated methods. The patentable scope of the
invention 1s defined by the claims, and may include other
examples that occur to those skilled 1n the art. Such other
examples are intended to be within the scope of the claims
if they include structural elements that do not differ from the
literal language of the claims, of 1f they include equivalent
structural elements with nsubstantial differences from the
literal languages of the claims.

What 1s claimed 1s:

1. A laser feedback control system, comprising:

a laser operable to emit a laser beam;

a prism mirror comprising a first reflective external sur-
face, the first reflective external surface oriented to
reflect the laser beam at a first angle to a first direction
of travel of the laser beam;

a sampling mirror, the sampling mirror partially reflective
and oriented such that the laser beam reflected at the
first angle by the first reflective external surface
encounters the sampling mirror at a polarization insen-
sitive angle of incidence; and

a detector positioned to detect a portion of the laser beam
transmitted through the sampling mirror.

2. The control system of claim 1, further comprising a
controller configured to adjust a pulse width modulation
signal based on the detected portion of the laser beam and
transmit the adjusted pulse width modulation signal to the
laser.

3. The control system of claim 1; wherein the laser 1s a
CO, laser.

4. The control system of claim 1, wherein the polarization
insensitive angle of incidence 1s less than or equal to 6
degrees.

5. The control system of claim 1, wherein the first
reflective external surface 1s a polished; planar surface.
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6. The control system of claim 1, wherein the sampling
mirror 1s less than or equal to 1% transmissive at a 10.6
micrometer wavelength.

7. The control system of claim 1, wherein the sampling
mirror 1s formed from zinc selenide.

8. The control system of claim 1, wherein the prism mirror
turther comprising an opposing second reflective surface.

9. The control system of claim 8, wherein the second
reflective surface 1s a polished, planar surface.

10. The control system of claim 8, wherein the second
reflective surface 1s oriented to retlect a portion of the laser
beam retlected by the sampling mairror.

11. The control system of claim 10, wherein the portion of
the laser beam retlected by the second retlective surface 1s
reflected to the first direction.

12. A laser feedback control system, comprising:

a laser operable to emit a laser beam;

a prism mirror comprising a first retlective external sur-
face and an opposing second retlective external surface,
the first reflective external surface oriented to retlect the
laser beam at a first angle to a first direction of travel
of the laser beam:;

a sampling mirror, the sampling mirror partially reflective
and oriented such that the laser beam reflected at the
first angle by the first reflective external surface
encounters the sampling mirror at a polarization insen-
sitive angle of incidence; and

a detector positioned to detect a portion of the laser beam
transmitted through the sampling mairror,

wherein the second retlective external surface 1s oriented
to retlect a portion of the laser beam reflected by the
sampling mirror to the first direction.

13. The control system of claim 12, further comprising a
controller configured to adjust a pulse width modulation
signal based on the detected portion of the laser beam and
transmit the adjusted pulse width modulation signal to the
laser.

14. The control system of claim 12, wherein the laser 1s
a CO, laser.

15. The control system of claim 12, wherein the polar-
1zation 1nsensitive angle of incidence 1s less than or equal to
6 degrees.

16. The control system claim 12, wherein the first reflec-
tive external surface 1s a polished, planar surface.

17. The control system of claim 12, wherein the sampling
mirror 1s less than or equal to 1% transmissive at a 10.6
micrometer wavelength.

18. The control system of claim 12, wherein the sampling
mirror 1s formed from zinc selenide.

19. The control system of claim 12, wherein thy: second
reflective external surface 1s a polished, planar surface.
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